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Efficient Powertrain Solutions

Prof. Maciej Mikulski 

• 45+ research personnel

• 3 professors

• 8 post-docs (senior 

scientists/lecturers)

• 6 research/lab managers

• Engine and fuel testing 

laboratories (20 M€ net worth) 

• 95% externally funded 

• ~3 M€ annual research 

turnover 



E P S  P r o j e c t  P o r t f o l i o

Recently ended:

B F  C P T ( 2 0 2 0  – 2 0 2 3 ) ;  1 5  M e u  – P I

E u  C H E K ( 2 0 2 1  – 2 0 2 4 ) ;  1 2  M e u  - P I

Running/Admitted:

B F  S i l e n t  E n g i n e ( 2 0 2 2  – 2 0 2 5 ) ;  3 M €  – P I

B F  C A S A M AT E ( 2 0 2 2  – 2 0 2 5 ) ;  3 M €  – W P  L e a d

B F  D A Z E ( 2 0 2 3  – 2 0 2 6 ) ;  3 M €  – W P  L e a d

B F  F l e x - C P T ( 2 0 2 4  – 2 0 2 7 ) ;  1 8 M € – P I

B F  i H A P C ( 2 0 2 5  – 2 0 2 7 ) ;  1 0 M € – P I

B F  A I N A ( 2 0 2 5  – 2 0 2 7 ) ;  2 M €  - W P  L e a d

E u  4 B l e n d  ( 2 0 2 5  – 2 0 2 7 ) ;  1 M €  - W P  L e a d

MISSION

• Efficient heavy-duty transport and energy sector

• towards zero/negative emissions impact

VISION

• We maximize overall powertrain energy efficiency while 
meeting emission limits under real-world operating 
conditions.

• We provide integrated powertrain control solutions …

• …and  innovative tools for design optimization of powertrain 
configurations and control strategies

Interested in details? 

Let’s have a meeting!



Coordinated Powertrain Development in Finland

2021 20232019 2025 2027

Co-Creation

Clean Propulsion Technologies

joint 
roadmap 
V1 →
2030

Atmospheric 
emissions as 
primary challenge Co-Creation   

joint 
roadmap 
V2 →
2035

Zero-carbon 
technology as 
primary challenge

Cutting-edge rapid 
prototyping methods

Innovative hardware 
and control 

Spin-off Projects: SE, 
CASEMATE, DAZE ….

Flex-CPT

Economical Feasibility of Zero-
carbon fuels as primary 
challenge

What’s next?

…to secure an economically stable, 
zero-emission business for the 

Finnish powertrain industry, 
by jointly handling the immense 

complexity problem of a fuel-

diversified future.  

…to secure the global 
technology leader 

position for the Finnish 
powertrain industry by 

creating a common 
vision and sustainable 

business solutions.



Flex-CPT - The critical mass for co-innovation in propulsion!

Flex-CPT Total Budget: 18,23 M€

research 
organizations 

9,13 M€

companies

9,1 M€

CPT and spin-offs : > 21 M€                 



…. Delivered:
• 28 innovative solutions in powertrain control/development
• encapsulated in 4 ground-braking technology platforms 

Clean Propulsion Technologies (CPT) …

CC-
SCR

WARTSILA RCCI technology 
Pilot  (8V31DF)  on M/V 

Aurora Bothnia 

AGCO CORE50
E-Hydrogen

Engine of the year 
AGRITECHNICA 2023

Proventia Close-Coupled 
SCR Aftertreatment For 
EPA Tier 5 Applications 

(CARB)

S-Wille Electro-hydraulic 
Hybrid architecture



Reactivity - Controlled 
Compression Ignition  

❑ S u p e r i o r  E f f i c i e n c y  ( u p  t o  5 5 %  I n d i c a t e d )  

❑ U l t r a - L o w e m i s s i o n s  

❑ W i d e  c o n t r o l  a u t h o r i t y  w i t h  V VA =  f l e x i b l e  

a c c o m m o d a t i o n  o f  v a r i o u s  f u e l  o p t i o n s  

❑ Ve r y  l a r g e  c a l i b r a t i o n  s p a c e  ( r e q u i r e s  m o d e l -

b a s e d  d e v e l o p m e n t )

❑ N o n e - L i n e a r ,  h i g h l y  d y n a m i c  c o n t r o l  r e s p o n s e  

( r e q u i r e s  p r e d i c t i v e / a d a p t i v e  c o n t r o l l e r s )

❑ S t a r t i n g  p o i n t  T R L 3  → h i g h - r i s k  /  h i g h - g a i n

❑ Ta r g e t  T R L 7  i n  3  y e a r s

Conventional 

DF

“hot 

combustion”

RCCI

“low 

temperature 

combustion”

Early 

injection

Mixture dilution 

and thermal 

management

Fig. 1. Cutting-Edge RCCI research platform, developed in CPT, at Uni-Vaasa 

Energy Labs

Fig. 2. RCCI calibration challenge; 14 independent control parameters = 10^17 

combinations to cover the calibration space = 3Milion years by conventional testing



Feasibility of CPT/FLEX-CPT model-based development methods

Kakoee, A.; Mikulski, M.; Vasudev, A.; Axelsson, M.; Hyvönen, J.; Salahi, M.M.; Mahmoudzadeh Andwari, A. Start of Injection Influence on In-Cylinder Fuel Distribution, Engine
Performance and Emission Characteristic in a RCCI Marine Engine. Energies 2024; https://doi.org/10.3390/en1710237.
Kakoee, A.; Vasudev, A.; Smulter, B.; Hyvonen, J.; Mikulski, M. A predictive 1D modeling framework for reactivity-controlled compression ignition engines, via a chemistry-based,
multizone combustion object. SAE Technical Paper 2023, 2023-24-0001; https://doi.org/10.4271/2023-24-0001.
Kakoee, A.; Hunicz, J.; Mikulski, M. Integrated 1D simulation of aftertreatment system and chemistry-based multizone RCCI combustion for optimal performance with methane
oxidation catalyst. J Mar Sci Eng. 2024, 12, 594; https://doi.org/10.3390/jmse12040594.
Vasudev, A.; Cafari, A.; Axelsson, M.; Mikulski, M. et al. Towards Next Generation Control-Oriented Thermo-Kinetic Model for Reactivity Controlled Compression Ignition Marine
Engines. SAE Technical Paper 2022, 2022-01-1033; https://doi.org/10.4271/2022-01-1033.
Vasudev, A.; Mikulski, M.; Ramanujam Balakrishnan, P.; Storm, X.; Hunicz, J. Thermo-kinetic multi-zone modelling of low temperature combustion engines. Prog Energy Combust. Sci.
2022, 91, 100998; https://doi.org/10.1016/j.pecs.2022.100998.
Vasudev, A.; Mikulski, M.; Hyvönen, J. Effects of H2 admixture on RCCI combustion dual-fuel marine engines: A model-based study. Int J Hydrog Energy -IEEES-14: Special Issue 2024,
(in-print).
Vasudev, A.; Kakoee, A.; Axelsson, M.; Maleki Almani, H.; Hyvonen, J.; Mikulski, M. Advancing autonomy of chemical kinetics based multizone models for reactivity controlled
compression ignition engines. Energy Convers Manag. 2024, 312, 118562; https://doi.org/10.1016/j.enconman.2024.118562.
Vasudev, A.; Mikulski, M.; Hyvönen, J. Effects of H2 admixture on RCCI combustion dual-fuel marine engines: A model-based study. Inter. Journal of Hydrogen Energy

Selected publications related to model-based RCCI platform development in CPT – full list of papers see 
https://cleanpropulsion.org/

https://doi.org/10.3390/en1710237
https://doi.org/10.4271/2023-24-0001
https://doi.org/10.3390/jmse12040594
https://doi.org/10.4271/2022-01-1033
https://doi.org/10.1016/j.pecs.2022.100998
https://doi.org/10.1016/j.enconman.2024.118562


CPT Methods and toolchains - Model-Based control design

(Semi) Single Cylinder 

Research Engines:

200mm bore

and 310mm 

Full-Flexible VVA 



Engine Wartsila MONO (31DF SCRE)

Displacement &
nominal speed 32.45 l / 720 rpm

Stroke/Bore 1.39

Air system
External air compressor with air temperature
and pressure con-
trol (up to 10 bar)

High-reactivity fuel
system

Common rail 2.0 with twin needle injector; and
multi-injection
capability

Low-reactivity fuel
system

Low-pressure, multi-point, upstream of the
intake valves

Valvetrain
four valves with swirl + tumble ports;
variable intake valve closure (VIC); fixed 
exhaust valve opening (EVO)

Emission system Horiba Mexa-One (NOX, CO, THC, CO2, O2)
AVL415S (FSN-soot)

Indicative system
AVL Indicom, cylinder pressure transducer
Kistler 6124A, 300 bar range, 30pC/bar
sensitivity.

Engine control SpeedGoatTM Rapid prototyping platform

Test fuels ISO 8217 compliant LFO / LNG (MN=80)

T3.2 In-House Kinetic MZM coupled with GT-suite

Case Load

[%]

λ

[−]

BR

[pp]

SOE

[CAobTDC]
Tin

[K]

Pin

[bar]

A (16191 ) 11 ref + 1.8 ref – 41.9 ref + 65 ref ref + 0.5

B (16190) 25 ref + 1.0 ref – 10.9 ref + 65 ref ref + 1.3

C (16253) 50 ref + 0.5 ref – 1.9 ref + 50 ref – 5 ref + 3.7

D (16216) 50 ref + 0.8 ref – 2.4 ref + 65 ref – 5 ref + 3.5

E (16219) 50 ref + 0.8 ref + 0.9 ref + 26 ref – 5 ref + 3.8

F (16255) 83 ref + 0.1 ref – 0.9 ref + 50 ref – 7 ref + 6.3

Table 2: Operating points from the SCRE for model calibration.

Table 2: SCRE Engine technical data



T3.2 In-House Kinetic MZM coupled with GT-suite

Fig. 3 UVATZ

Validation results 

on 40 RCCI OPs

Experimental data 

from “MONO” 

SCRE 

Fig.4

UVATZ calibration

results – selected

OPs



CPT Methods and toolchains - Model-Based calibration

(Semi) Single Cylinder 

Research Engines:

200mm bore

and 310mm 

Full-Flexible VVA 

Multi-Cylinder Wartsila 

8V31 Next-DF (partial 

VVA) 

3 years to test-

bed validation



RCCI as enabler for 
multi-fuelling

▪ GHG Reduction target of 20% compared to state 
of the art dual fuel is achieved! 

▪ NOx and PM are below emission measurement 
accuracy!

▪ RCCI provides wider calibration margins than 
conventional DF

▪ Advanced RCCI hardware, control features, and 
rapid prototyping measures developed in CPT are 
the enablers for managing the multi-fuel 
complexity challenge!

▪ Towards 0-carbon fuels in a flexible, economically 
feasible manner in Flex-CPT

M a r i n e  E n g i n e  T r a c k  - s t a t u s  a f t e r  C P T   

Emissions from Wärtsilä 8V31 DF on board M/V Aurora Botnia, 

piloting RCCI technology (main engine 3, ME3) with a conventional 

dual-fuel combustion (main engine 4, ME4). 

Plots reproduced from CPT publications [26], and [29].



• based on cutting edge platforms from CPT…
• …. creates 28 new product-market combinations (PMCs) related to different fuels

H2-enriched 
Variant of the 

platform
(TRL 6)

Ammonia Variant 
of the platform

(TRL 4)

H2-V2  
(TRL 7)

NG V2 (TRL7) – superior efficiency 
with VVA

Methanol 
Variant
(TRL 6)

Methanol 
Variant
(TRL 5)

H2 
Variant
(TRL 5)

Electrified Variant

Ammonia 
Variant
(TRL 5)

NG 
Variant
(TRL 5)

Flex-CPT



The Challenge - Calibration Complexity  and Platform Versatility  



Flex-CPT WP1: Multi-fuel 
Marine Engines

▪ O1: Increase the level of maturity in multi-fuel 
RCCI through excellence in experimental 
research towards H2 blending (flexible up to 
80% target).

▪ O2: Build model-based control/optimization 
functionalities that enable fuel flexibility with 
large-scale variations in fuel composition.

▪ O3: Demonstrate emission-compliant multi-fuel 
RCCI variant with Stage V emission targets 
across the full envelope.

O b j e c t i v e s

H2-enriched 

Variant of the 

platform

(TRL 6)

Ammonia Variant 

of the platform

(TRL 3)

NG V2 (TRL7) – superior 

efficiency with VVA

(NG-diesel) CORE

Electrified Variant

Aftertreatment 

Variant



Feasibility of CPT/FLEX-CPT model-based development 
methods



Want to know More: https://cleanpropulsion.org/

• Research Impact: 
• Over 45 per-reviewed scientific 

articles and thesis’s
• Exposure on 15 international 

conferences

• Societal Impact: 
• Over 30 times covered by 

international media
• Over 150 stories on project 

social media channels



Co-funded by

Thank you for your excellent effort!

Prof. Maciej Mikulski

Department Head – Energy Technology

Research Group Leader – Efficient Powertrain Solutions

University of Vaasa

T: +358 294 498 591

E: maciej.mikulski@uwasa.fi

Project Leader – Flex-CPT

WP1 Technical Lead – Flex -CPT


